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A way of folding an air bag used 1 an air bag module 1s
disclosed, as well as a process and device for folding an air
bag. The air bag 1s folded 1n the direction of an 1imaginary
longitudinal axis, forming a ring with separate folds at its
inner and outer sides, the 1maginary longitudinal axis prei-
erably extending through the filling mouth of the air bag.
The folding process 1s characterized 1n that the empty air bag
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and folded up 1n the direction of the longitudinal axis within
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cross-section. A device for folding the air bag has a molded
part, at least one device for mtroducing the air bag mto the
molded part and at least one device for compressing the air
bag inside the molded part. The advantage of the invention
1s that only a few process steps and a simple device are
required for folding the air bag.
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AIR BAG FOLDING, PROCESS AND DEVICE
FOR FOLDING AIRBAGS

FIELD OF THE INVENTION

The 1nvention relates to airbag folding as well as to a
method and device for folding airbags.

BACKGROUND OF THE INVENTION

In order to be able to stow the airbag of an airbag module
in a steering wheel, or 1n the case of a passenger airbag
module or side airbag module i1n the area of the dashboard
or door, 1t 1s necessary to fold the airbag and press it 1into a
container which 1s then closed. As well as other types of
folding, there 1s one way of folding an airbag known from
DE 44 22 276 Al where the airbag has main folding lines
which run at least in part along closed paths round an
imaginary centre on the substantially empty spread out
airbag. Folding the airbag down to the required packing
density which 1s necessary for stowing the airbag in the
steering wheel or on the dashboard 1s carried out so that in
a first step folding 1s carried out along the said main folding
lines and then this pre-folded airbag 1s folded or pressed, 1.¢.
gathered up to the desired end shape through secondary fold
lines which cross at least 1n part the main fold lines.

A device for producing this folding and gathering accord-
ing to the said process preferably has a pot-like cylindrical
part which can be 1nserted into the inflation opening of an
airbag wherein the axial length of the cylindrical part
corresponds at least approximately to the height of the
airbag packet which 1s folded according to the first step.
Furthermore a holding down member 1s provided which
presses and holds the area of the airbag opposite the mflation
opening on the bottom of the cylindrical socket part. Fur-
thermore dish-like elements movable axially 1n the direction
of the airbag are provided on opposite sides of the airbag and
are arranged concentric with each other with different radii,
with the radi of the opposing elements each being different.

Furthermore radial gathering elements are provided
which can be brought together with the folded airbag mto a
packing device. A generator support can likewise be pro-
vided 1n this with the gas generator mounted in the support.
The packing device furthermore has a device for pressing
the folded airbag into the generator support.

If these folding, gathering and compacting elements are
allotted known drives, e.g. pressure cylinders, then the cost
of the drive 1s considerable.

SUMMARY OF THE INVENTION

The object of the 1nvention 1s to provide a process and a
device for rationally folding, gathering and compacting an
airbag.

The airbag folding for an airbag used in an airbag module
1s characterized according to the invention 1n that the airbag
1s folded ring-shaped in the direction of an 1maginary
longitudinal axis wherein 1t has separate folds on the 1nside
and on the outside of the ring. The imaginary longitudinal
ax1s thereby preferably runs through the filling mouth of the
airbag.

As opposed to the foldings known up until now, where the
folds only run on the outer circumierence of the folded
airbag, the folding according to the invention represents a
double folding where the airbag 1s folded again 1n addition
directly adjoining the gas generator. This folding has the
advantage that folding 1s produced free of rear cut sections
which 1s important for the unfolding of the airbag and that
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2

only few method steps are required which can be carried out
with a device which has few parts.

A further advantage 1s that the folding has an unfolding
characteristic which 1s advantageous for the vehicle occu-
pant. Thus during unfolding first only the 1nner or outer folds
are stretched so that the airbag does not suddenly open fully
in the direction of the occupant but full opening occurs with
a slight time delay. This 1s designed so that on the one hand
the occupant 1s not 1njured by the opening of the airbag
whilst on the other hand the airbag does indeed open 1n good
fime to protect the occupant in the event of a crash.

A method for folding the airbag i1s designed according to
the mvention so that the empty airbag 1s stretched 1n the
direction of a longitudinal axis running through the filling
mouth and 1s gathered together within a boundary, prefer-
ably 1n a space with a ring-shaped cross-section 1n the
direction of the longitudinal axis. Through stretching, the
airbag 1s preshaped so that it obtains in rough strokes the
circumfierence which 1t must have 1n the folded state 1n order
to be stowed 1n a housing. Through the subsequent gathering
which can take place for example through pressure action,
the airbag then receives the height dimension which is
required for stowing away the folded airbag. A rear-cut free
folding 1s reached with this method without additional
folding elements whereby this folding 1s called chaotic
folding, 1.¢. the folds form naturally.

In one embodiment i1t 1s proposed that the spread out
airbag 1s held 1n the area of its filling mouth and 1s drawn
into a sleeve-shaped shaping body whilst at the same time an
inner ram 1s mtroduced into the airbag and then the airbag
1s compressed 1n the sleeve-like shaping body by means of
an outer ram. With this method the first significant step 1s a
pulling process and the second significant step 1s a pressing
Process.

In another embodiment 1t 1s proposed that the spread out
airbag 1s pressed through a ram into a sleeve-like shaping
body and then 1s pressed 1n the direction of one end of the
sleeve. Thus 1n this embodiment two pressing processes are
carried out. As opposed to the embodiment described above
here the spread out airbag in this embodiment requires no

holder.

With first-mentioned embodiment of the process the
spread out airbag 1s preferably both drawn 1nto the shaping
body and compressed from bottom to top. The airbag
without a prefitted gas generator 1s thereby held in the spread
out empty state at the filling mouth. When the gas generator
1s already fitted, the airbag is set 1n the spread out empty
state on the gas generator.

In a further embodiment of the process it 1s proposed that
the spread out airbag 1s held 1n 1ts filling mouth area on an
inner ram, that a sleeve-like shaping body 1s inverted over
the airbag hanging down at the side of the ram and that then
the airrbag 1s compressed by means of an outer ram 1n the
sleeve-like shaping body.

A device for folding an airbag is characterized in that a
shaping body 1s provided, together with at least one device
which stretches the airbag in a longitudinal axis running
through the filling mouth and can introduce the airbag into
the shaping body, as well as at least one device for com-
pressing the airbag 1n the shaping body. In a preferred
embodiment the shaping body 1s associated with a displace-
able ram with smaller cross-section than the internal cross-
section of the shaping body.

A sleeve 1s preferably provided as the shaping body.
However a shaping body which 1s open on one or two sides
can also be used.
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A hollow cavity 1s provided between the displaceable ram
and the shaping body and when using a sleeve as the shaping
body the hollow cavity has a ring-shaped cross-section in
which the airbag to be folded 1s introduced and compressed.

In a first embodiment a socket for the airbag 1s provided
above the vertically mounted sleeve and can be inserted
therem. Underneath the sleeve are two coaxial rams which
can be inserted therein. The inner of the coaxial rams thereby
represents the core for obtaining a ring-shaped hollow cavity
whilst the outer ram 1s provided as a tool for compressing the
airbag.

It 1s expedient 1f the 1nner contour of the shaping body
corresponds to the outer contour of the folded airbag, that an
inner ram 1s provided with an outer contour which matches
the outer contour of a gas generator to be connected with the
airbag, and that an outer ram 1s provided with an outer
contour which corresponds to the inner contour of the
shaping body.

The socket for the airbag or for the gas generator fixed on
the airbag can be clamping tongs or a rod with foldable arm
extensions.

In a further embodiment 1t 1s proposed that the shaping
body formed as a sleeve 1s associlated on one opening side
with two rams which can be inserted coaxially into the
sleeve whereby an 1nner ram has the outer contour of a gas
generator which 1s to be attached to the airbag and whereby
an outer ram has an outer contour which corresponds to the
inner contour of the shaping body and that on the other
opening side there 1s a ram which can be 1nserted into the
shaping body and whose outer contour corresponds to the
inner contour of the sleeve.

Also this sleeve 1s mounted preferably in the vertical
direction so that the openings lie top and bottom. The two
coaxial rams are thereby preferably mounted above the
sleeve and the other ram 1s mounted underneath the sleeve.

In a further design of the device it 1s proposed that the
shaping body 1s elastically deformable. With this design
there 1s the additional advantage that only one shaping body
which can be pressed by external elements into the required
shape 1s required for the different cross-sectional shapes of
the folded airbag which are necessary owing to the different
forms of housings provided for different types of airbags.

In a further embodiment of the device an 1nner fixed ram
1s provided onto one end of which the airbag can be fitted in
the region of its {illing mouth. Furthermore a sleeve-like
shaping body 1s provided which can be moved over the inner
ram and the airbag held thereon and an outer ram 1s also
provided which can be inserted with tight fit in the space
between the 1nner ram and shaping body.

The shaping body 1s 1 this embodiment preferably mov-
able from above over the mner ram and the outer ram 1s
movable 1nto the shaping body from below. Furthermore
opposite the socket end of the mner ram for the airbag 1s a
retaining ram which can be moved in the axial direction
relative to the inner ram.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explained 1n further detail with
reference to the embodiments shown in the drawings in

which:

FIG. 1 shows the principle structure of a device according,
to the 1nvention;

FIG. 2 1s a plan view of the sleeve-like shaping body
according to FIG. 1;

FIGS. 3a,b show the socket of the spread out airbag
without and with prefitted gas generator;
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FIG. 4 shows the pre-shaping of the airbag 1n the shaping
body;

FIGS. 54,5b show a folding plan for the airbag during
compression and after compression;

FIGS. 6—8 show the 1nsertion of the folded airbag in a
housing;

FIGS. 9-14 show the folding process by means of a
second embodiment of a device;

FIG. 15 shows the folding plan of an airbag after com-
pression by means of the second embodiment of the device;

FIG. 16 shows an embodiment of the device with a fixed
ram;

FIG. 17 shows a cross-section according to the line II—II
of FIG. 16.

DETAILED DESCRIPTION OF THE
INVENTION

In a first embodiment illustrated 1in FIG. 1 the device has
a sleeve 1 as a shaping body. Above the sleeve 1 are
clamping tongs 2 insertable 1n the sleeve as a holder for the
spread out airbag 6 as well as a stop 3 1n the area of the
clamping tongs 2. Underneath the sleeve are two coaxial
rams 4, 5 which can be inserted in the sleeve. The outer
contour of the outer ram 4 corresponds to the inner contour
of the sleeve whilst the outer contour of the inner ram
corresponds to the outer contour of the filling mouth 7 of the
airbag or of the gas generator to be connected to same. The
airbag 6 which 1s to be folded 1s laid down before the start
of the folding process on the rams 4,5.

In a first method step, the stop 3 1s moved up to the sleeve
1 and the clamping tongs 2 are pushed through the sleeve.
In FIG. 3a the clamping tongs are formed for holding the
airbag without the gas generator. They are mserted into the
mouth 7 of the airbag 6 and then spread out. In FIG. 3b the
airbag 6 1s already provided with a gas generator 8. In this
case the air bag 1s held on the gas generator 8 by the
clamping tongs 9 which are modified relative to FIG. 3a.
Further description of the method relates to the use of the
clamping tongs 2.

The airbag 6 1s drawn by the clamping tongs 2 into the
sleeve 1 whereby at the same time the inner ram 3 1s pressed
upwards so that the airbag 6 1s preformed inside a ring space
as shown 1n FIG. 4. The outer ram 4 1s then pushed upwards
whereby the airbag 1s pressed upwards inside the ring space
between the inner ram S and the sleeve 1. FIG. Sa shows the
intermediate stage of the folding which is thereby reached.
It can be seen that a double folding takes place since the
airbag 1s placed both 1n folds 10 against the sleeve 1 and 1n
folds 11 against the ram 5. The end stage of folding 1s shown
in FIG. 5b. It can be seen that the folds are free of rear-cut
sections which 1s essential for a complete unfolding. On the
other hand however there 1s no sudden unfolding of the
airbag forwards in the direction of the occupant since after
ignition of the gas generator first the mner folds 11 unfold
forwards and only then do the outer folds 10 unfold.

At the end of the folding process both rams 4, § are
located in an upper position (FIG. 6) in which they still lie
benecath the upper edge of the sleeve 1. The clamping tongs
2 are now relaxed and withdrawn from the mouth of the
airbag. Furthermore the stop 3 1s lifted and then the gas
ogenerator 8 1s connected to the airbag and a housing 12 1s
placed on the top edge of the sleeve 1 (FIG. 7). The housing
1s held by the stop 3 and the airbag 1s pressed into the
housing by means of the rams 4,5 (FIG. 8).

A further embodiment of the device and a modified
method sequence connected therewith are shown in FIGS. 9
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to 14. This device likewise has a sleeve 1. Above the sleeve
are an outer ram 13 and an 1mnner ram 14. The contour of the
outer ram 13 corresponds to the 1nner contour of the sleeve
1 and the contour of the inner ram 14 corresponds to the
contour of the mouth or gas generator 8. A ram 15 1is
provided at the lower opening of the sleeve 1 and its contour
corresponds to the mner contour of the sleeve 1.

The airbag 6 lying on the sleeve 1 1s first pushed into the
sleeve 1 by the inner ram 14 whereupon the sleeve 1 1s then
closed at the bottom by the ram 15. The airbag 1s thereby
preformed as in the preceding embodiment 1in a space with
ring-shaped cross-section 1n the direction of the longitudinal
axis of the sleeve.

Folding the airbag can now be carried out 1n two different
ways. According to FIG. 11 the airbag 1s pushed by the ram
15 upwards against the ram 13 whereby the ram 14 1s moved
upwards as well at the same time.

With the variation 1n FIG. 12 the rams 14 and 15 remain
in their lower position and the airbag 1s compressed and
thereby folded by means of the outer ram 13.

In both cases, as 1n the previous embodiment, a double
folding 1s achieved wherein only the smooth layer 16 which
rests on the gas generator 8 changes into the outer folds 10
whilst 1n the case of the previous embodiment as shown in
FIG. 5b 1t changes into the inner folds 11. Thus with the
folding plan 1n FIG. 15 first the outer folds 10 are unfolded
whereby the same advantages exist as with the folding plan
in FIG. 5b.

At the end of folding, the housing 1s fitted similar to the
previous embodiment and the airbag 1s pressed by the ram

15 into the housing (FIGS. 13 and 14).

With the embodiment of FIG. 16, a fixed inner ram 22 1s

provided on a work table 21 of the device and the airbag 6
to be folded 1s placed with its filling mouth on the upper end
face of this ram. A retaining ram 23 1s provided over the end
face and airbag and 1s fixed on a cross bar 24 which 1is
connected to the work table by a guide column 25. The
retaining ram 23 1s movable slightly up and down so that the
airbag 6 can be placed on the mnner ram 22 and can then be
fixed by bringing up the retaining ram.

Furthermore arms 27 and 28 are provided which are
movable on the guide column 25 or on a further guide
column 26. A sleeve-like shaping body 31 1s fixed on these
arms by means of clips 29, 30 and 1s positioned concentric
with the retaining ram 23 and closed at the top by a screw-on
cover 32. The shaping body can be moved down from the
position shown 1n FIG. 16.

A ring 33 1s mounted as an outer ram concentric with the
inner ram 22. This ring 1s fixed on four rods 34 projecting
through the work table 21 and held 1n a plate 35. The ring

33 1s displaceable upwards from the position shown i1n FIG.
16.

Before fitting an airbag into the device the mner ram 22
and retaining ram 23 are moved so far away from each other
when the retaining ram 1s moved upwards that an airbag can
be placed 1n the empty spread out state on the mner ram 22.
After placing the airbag in position the retaining ram 1s
moved down onto the airbag 6 to fix same.

Owing to the lack of side support the airbag hangs down
at the 1nner ram as shown 1 FIG. 16. In a next step the
shaping body 31 1s moved down until the cover 32 adjoins
the airbag in the area where 1t 1s clamped. The airbag 6 1s
now located between the mnner ram 22 and the shaping body

31.

In a next step the ring 33 1s moved upwards whereby the
airbag 6 1s folded. At the end of the folding process first the
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shapmg body 31 1s moved upwards and then the retaining
ram 23 until there 1s suflicient space above the folded airbag
to fit a housing (not shown) into which the folded airbag is
then pressed from below by the ring 33.

What 1s claimed 1s:

1. A method for folding an airbag for an airbag module,
the airbag having a filling mouth, the method comprising,
spreading out an empty airbag and holding the empty airbag
at 1ts filling mouth, stretching the empty airbag along a
longitudinal axis running through the filling mouth to pro-
vide a stretched out empty airbag, providing an outer bound-
ary surface, locating the outer boundary surface and the
stretched out empty airbag relative to each other such that
the stretched out empty airbag i1s located inside the outer
boundary surface, and gathering the stretched out empty
airbag inside the outer boundary surface along the longitu-
dinal axis, wherein stretching includes drawing the spread
out empty airbag into a sleeve-like shaping body that forms
the outer boundary surface and at the same time introducing
an mner ram 1nto the airbag, wherein gathering includes
compressing the airbag 1n the sleeve like shaping body with
an outer ram after introducing the mner ram 1nto the airbag.

2. The method according to claim 1, wherein the spread
out airbag 1s both drawn into the shaping body and com-
pressed therein from a first end of the shaping body to a
second end of the shaping body.

3. A method for folding an airbag for an airbag module,
the airbag having a filling mouth, the method comprising,
spreading out an empty airbag, stretching the empty airbag
along a longitudinal axis running through the filling mouth
to provide a stretched out empty airbag, providing an outer
boundary surface, locating the outer boundary surface and
the stretched out empty airbag relative to each other such
that the stretched out empty airbag 1s located inside the outer
boundary surface, and gathering the stretched out empty
airbag 1nside the outer boundary surface along the longitu-
dinal axis, wherein stretching includes pressing the spread
out empty airbag into a sleeve like shaping body that forms
the outer boundary surface through a first ram, wherein
cgathering includes compressing the airbag with a second
ram toward one end of the sleeve like shaping body, the
second ram having an outer contour that corresponds to an
inner contour of the sleeve like shaping body that forms the
outer boundary surface.

4. A method for folding an airbag for an airbag module,
the airbag having a filling mouth, the method comprising,
spreading out an empty airbag and holding the empty airbag
at 1ts filling mouth on an 1nner ram such that the airbag hangs
down at a side of the ram to provide a stretched out empty
airbag, providing an outer boundary surface, locating the
outer boundary surface and the stretched out empty airbag
relative to each other such that the stretched out empty
airbag 1s located inside the outer boundary surface, and
cgathering the stretched out empty airbag inside the outer
boundary surface along the longitudinal axis,

wherein locating includes inserting a sleeve like shaping
body that forms the outer boundary surface over the
airbag hanging down at the side of the ram, wherein
gathering includes compressing the airbag 1n the sleeve
like shaping body by an outer ram after inserting the
shaping body.

5. The method according to claim 3, wherein the airbag 1s
an airbag without a prefitted gas generator.

6. The method according to claim 3, wherein the airbag
includes a prefitted gas generator and further comprising
spreading out the empty airbag and holding the empty airbag
at the prefitted gas generator of the airbag.
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7. A device for folding an airbag having a filling mouth,
comprising;
a sleeve provided as a shaping body;

a stretching device which holds the airbag and stretches
the airbag 1n a longitudinal axis running through the
f1lling mouth and into the shaping body;

a compressing device that compresses the airbag in the
shaping body; and

a holder for the airbag provided above the sleeve and
insertable therein and two coaxial rams provided under-
neath the sleeve and insertable therein.

8. A device for folding an airbag having a filling mouth,

comprising:
a shaping body;
a stretching device which holds the airbag and stretches

the airbag 1n a longitudinal axis running through the
filling mouth and into the shaping body; and

a compressing device that compresses the airbag in the

shaping body;

wherein the shaping body includes an inner contour that

corresponds to an outer contour of an airbag folded 1n
the device and further comprising an 1nner ram pro-
vided with an outer contour which corresponds to an
outer contour of a gas generator which 1s to be con-
nected to the airbag and an outer ram provided with an
outer contour which corresponds to the inner contour of
the shaping body.

9. The device according to claim 8, wherein clamping
tongs or a rod with foldable extension arms are provided as
a holder for the airbag or for a gas generator fixed on the
airbag.

10. The device according to claim 8, wherein the shaping
body 1s elastically deformable.

11. A device for folding an airbag having a filling mouth,
comprising:

a sleeve provided as a shaping body;

a stretching device which holds the airbag and stretches
the airbag 1n a longitudinal axis running through the
filling mouth and into the shaping body; and

a compressing device that compresses the airbag in the
shaping body;
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wherein the shaping body formed as a sleeve i1ncludes a
first opening side and a second opening side, the device
further comprising two rams that are insertable coaxi-
ally 1n the first opening side, wherein an mner ram of
the two rams has an outer contour of a gas generator to
be attached to the airbag and wherein an outer ram of
the two rams has an outer contour which corresponds to
an 1nner contour of the sleeve, and a third ram 1s
provided which 1s insertable 1n the second opening side
of the sleeve and whose outer contour corresponds to
the mner contour of the sleeve.

12. The device according to claim 11, wherein the sleeve
1s mounted 1n a vertical direction and the two rams are
mounted above the sleeve and the third ram 1s mounted
underneath the sleeve.

13. A device for folding an airbag having a filling mouth,
comprising:

a sleeve provided as a shaping body;

a stretching device which holds the airbag and stretches
the airbag 1n a longitudinal axis running through the
filling mouth and into the shaping body;

a compressing device that compresses the airbag in the

shaping body; and

an mner fixed ram attachable to the airbag at its filling

mouth area, wherein the sleeve 1s moveable over the
inner ram to define a space between the inner ram and
shaping body to receive the airbag when the airbag is
held thereon, and further comprising an outer ram that
1s 1sertable with tight fit into the space between the
inner ram and shaping body.

14. The device according to claim 13, wherein the shaping
body 1s mounted 1n a vertical direction, and 1s moveable
toward the 1mnner ram from above, and wherein the outer ram
1s moveable into the shaping body from below.

15. The device according to claim 13, wherein the inner
fixed ram 1s attachable to the airbag at a socket end and
further comprising a retaining ram opposite the socket end

of the inner ram for the airbag that 1s movable axially
relative to the inner ram.
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